A new tetramic acid containing metabolite, A90931a has been isolated from Streptomyces sp., along with a second factor (A90931b) recently described and known as maltophilin. The structures were determined from spectroscopic data of the isolates and their acetylated products. A90931awas spectroscopically identical to the previously described antibiotic TAN-883bwhose structure was not reported. A90931a and A90931b exhibit fungicidal activity against the grape pathogen Plasmopara viticola. Due to its similarity to maltophilin, A90931a has been called dihydromaltophilin.
biotics, we have discovered two macrocyclic compounds A90931a (1) and b (2) containing a tetramic acid residue, and a tricyclic fused ring system, similar to the previously described discodermide1}. A90931a appears to be identical spectroscopically to the molecule TAN-883b2) whose structure has remained undetermined in the literature, and very similar to catacandin B3), another compound whosestructure remains undetermined. A90931b, which was present in smaller quantities, has recently been described arising from Stenotrophomonas rnaltophilia*\ and called maltophilin. In the present paper, we describe the isolation and structural characterization of A90931a which we have called dihydromaltophilin ( Figure 1 ). Activity has been measured against Plasmopara viticola, the causal fungus of grape downy mildew, one of the most destructive diseases afflicting commercial viticulture worldwide.
Materials and Methods Producing Organism
The culture was obtained from a soil sample collected in Carmel, Indiana as part ofa science project undertaken at WoodbrookElementary School, and characterized at the American Type Culture Collection.
Fermentation
The culture was fermented for 72 hours in inoculum production medium (50 ml) containing tryptic soy broth (30 g), yeast extract (Difco, 3 g), magnesium sulfate (2 g), glucose (5 g), maltose (Difco, 4g) per liter of deionized water. Incubation was maintained at 28~30°C with shaking at 150rpm for 3 days. 10ml of this inoculum was then added to 600ml of production mediumcontaining anhydrous D-glucose (12.5 g), blackstrap molasses (15 g), Bacto-peptone (Difco, 3.75 g), calcium carbonate (2g) per liter of deionized water; and incubated for 5 days at 28~30°C with shaking at 150rpm.
Isolation of Actives
The isolation procedure is summarized in Scheme 1. The isolation of compounds was followed by bioassay. After centrifugation of 15 liters of crude broth, the solid material was extracted 3 times with methanol to give a total of 2.5 liters of methanol solution. This was dried, suspended in 7.5 liters of phosphate buffer (pH 4), and extracted 3 times with ethyl acetate to give a total of 7.5 liters of EtOAcextract. After drying and evaporation, the 1.37 g of solid material was purified in 150 mg aliquots by HPLCon a Waters /iPorasil column to yield 25mg of A90931a. Fractions containing factor B were further purified on a Shandon Hyperprep BDS-C18column to yield 1.5mg offactor B.
Spectral Analysis NMR spectra were run at 400.13MHz on a Bruker AM400 spectrometer, or 599.91 MHz on a Varian Unityplus600 Spectrometer. Carbon NMR spectra were acquired at 100.13MHz on the Bruker AM400 spectrometer. The 2D spectra were all run at 600MHz. 
Results
Taxonomy of the Producing Organism The organism has been identified by fatty acid analysis, nutrient utilization and morphologyas a Streptomyces species closely resembling S. atroolivaceus (ATCC #19725) and S. roseus (ATCC #19808). It differs from S. roseus in the production of gray aerial mycelium, and dark olive brown substrate mycelium, and from S. atroolivaceus by carbon source utilization only (Table   !) à"
Structural Determination of A9093 la The physical properties are summarized in Table 2 .
A90931a is insoluble in virtually all organic solvents, being sparingly soluble in methanol, and slightly more soluble in pyridine. The compound is acidic, and readily forms salts with amines and other cations, thus mass spectroscopy was performed on a sodium salt. A search of the literature revealed two closely related if not identical molecules whose structure had not been determined. One of these-catacandin B-had been shownto contain a tetramic acid moiety. The second related compound was TAN883B, which had an identical XH spectrum to A90931a, yet little structural evidence had been published.
The structure of A90931a was determined by NMR spectroscopy, and is shown in Figure 1 . Assignments of the NMRspectra (Figure 2 ) and determination of the structure of A90931a were plagued with difficulties caused by the poor solubility of the free base, and the apparent existence of an equilibrating mixture of conformers in solution. Data collected for the free base in pyridine-<i5 showed fewer peaks than expected in the carbon and 2D spectra. This absence, coupled to line broadening of one of the olefinic groups and the quaternary carbons, meant that many key cross peaks were missing from the HMBCexperiment, crucial for structural identification purposes. Eventually, data was collected from a solution of ca. 8 mgdissolved in a mixture of CDCI3 and MeOD-^(1 :3), although even in this solvent mixture, somepeaks in the proton spectrum exhibited broadening due to exchange (Figure 2 ). These data and parts of the data previously acquired were used in the structural determination of A90931a, and assignments are shown in Table 3 . The structure of A90931a was determined by analysis of the HMQC, HMBCand COSYspectra of the free base acquired at 600MHz, and fine tuned using data from a COSYspectrum in pyridine-d5 at 400 MHz. The assignments are listed in Table 3 , along with HMBC correlations that were unambiguously derived from the spectra. No correlations are indicated for 13 and 20a as these have identical chemical shifts in the carbon spectrum, and so at the resolution of the 2Dexperiments, it was not possible to identify exactly from which carbon the cross-peak arose. HMBC and COSYdata allowed the building up of the tricyclic portion of the structure into the macrocycle, with ring closures being determined by correlation of the HMBC data for carbons 14, 15, and 16, which unambiguously indicated a 5-5-6 ring system similar to that assigned for discodermide (3), a memberof the macrocyclic tetramic acid metabolites most closely related to A90931a (Figure 3 ). With the tetramic acid residue being a ring, the degrees of unsaturation indicated that the remainder of the molecule consisted of a macrocyclic lactam. This ring was built up by further analysis of COSYdata, a key correlation being a cross-peak between the amide proton and H-2, and relevant HMBC data. No relevant cross-peaks were determined for two of the quaternary carbon atoms, thus at this point it was not possible to determine the absolute nature of the tetramic acid group.
The secondary structure of the tricyclic fused section of the molecule was deduced by a series of ID nOe experiments, irradiating available protons in the tricycle, which gave few enhancements. However, irradiation of H-16 showed enhancements at H-20 and H-29 ( Figure  4) . Additionally irradiation of H-29 showed enhancement ofH-16, H-30a, and one orboth ofH-18 and H-17.
These data suggest that the methyl and the ethyl groups Unassigned 13C resonances; 168, 178ppm. enhanced resolution now apparent for the olefin protons (H-10 and H-ll). Interestingly, the assignment of discodermidewas undertaken as the acetate as this conferred some solubility onto the molecule, and madeit possible to record the NMRspectra in pyridine-^. In our hands the solubility of the triacetate of A90931a was much enhanced over the natural product, and spectra were able to be recorded in chloroform-d. The exact nature of the third acetyl group was not determined due to lack of sample. However the third methyl signal was shifted downfleld to 2.6ppm (wrt 2.0 and 2.1) possibly suggesting an acetamide group which would infer a downfield shift to H-5. Whythis would force the tricarbonyl functionality into a single conformer remains unresolved, but the presence of a very broad proton resonance at 13.0ppm suggests the presence of a hydrogen bond now present in the molecule possibly between 7-OH and the carbonyl group on the acetamide. Further evidence for this interaction has not been obtained.
Structural Determination of A9093 1b A90931b differed from A90931a by the lack of2 mass units. The proton spectrum indicated the loss of 14-H, thus indicating a ketone function at C-14. This molecule is thus identical to maltophilin4), and thus we have called A9093 1 a dihydromaltophilin.
Biological Activity of Dihydromaltophilin
The biological activity of the isolated compounds is summarized in Table 4 . Dihydromaltophilin exhibited good residual protectant activity against the pathogen, but did not perform well in curative or translaminar assays.
Discussion
Dihydromaltophilin belongs to an emerging class of polyketide antibiotics containing a macrocyclic lactam structural unit as well as the tetramic acid6). It is structurally very similar to discodermide, although there is somedifference in the relative stereochemistry of the tricyclic portion of the molecule. In this study, we have not determined the stereochemistry of the macrocycle, although it seems likely that ornithine is a contender for the biosynthetic source of C-2 to C5, as was found in alteramide7). 
